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J. Illlmru, A3- - , 
C L  I S S I F I C A T I O K  UNCLASSIFIO-- - 
O R  R E S T R I C T I O N :  

J mRa?slx& I 
I 
I 

V l brat i on and shock tests were performed as part  of  the qua l i f ica t  1 czn t e 4 i  
2-PQT 28-VDC general purpose relay. Twenty relays were tested, one 
being subjected t o  sinusoidal vibration and another group of 10 being 
shock pu 1 ses . Tha tes ts  were conducted a t  the v i brat l on and shock f 
Douglas Dynamics Laboratory, Ssnta Morrica, Calffornds, from January 
March 4, 1965. 

The purpose of the tests was t o  du)umi ne the ab i l i t)r of the tes t  spec i w n i  'f 
stand the vibrat ion and shock environments t o  be encountered i n  f l i gh t .  

Tho purposes of t h i s  technical ~ s n d u m  are t o  describe and document tKa ntr 
1 
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E!JuEEn .1 
Jest S~ecifneQ 

The twenty t e s t  specislens are descrlbad as follows: 

. . . . . . . . . . . . . .  Osscr-lpt Ion SOT 28 VDC General Purpo* 

. . . . . . . . . . . . . .  Part Number 1~67747-1 

. . . . . . . . . . . . . .  Manufacturer Babcock Company, Costa Me-,) 

. . . . . . . . . . . .  Line It- Number APlO and AP12 (AP I~  not sch.94 
v i brat  i on and shock test, i  ng), 

Serial  No. ( ~ i  bra t  ion Tests) . . . . . .  26, 27, E%, 31, 33; 34, 35? 
Serial  NO. (shock ~ e s t s )  . . . . . . . .  1, 2, 5 ,  6, 7, 9, 10, S t ! ,  

Test Esul~nent  

.mi MNUFAClUfER 
Oscl 1 lograph CEC 

Oa lvanoraeters (4) CEC 
7-315 ( 1  

Acce I erometer s ( 5) Endwco 

7-326 (31 
224ac (3 )  
2215 (21 . 

D ynamon 1 t o r  Endevco 

Charge A n p  1 i f I ers (3) Endevco 

Memoscope Hughes 

Cathode Follower Doug 18s 

Power Supply Doug las I 

Camera Polaroid 

Temperature Conditioning sna 
Measur i ng Un i t Autocontrol Labs. 

8 
Hyge Shock Tester (NGC Lab.) 

V i bra t  i on System 

- d . 
L 
r - 

- 
I - 



axes designatJons are shown on pages A l ,  B I ,  and 82. 

m 
5 - 35 0.4 inch 0.A.  Disp. 

35 - 2cm 

Th.e test ffxture was designed t o  accommodate as many as 5 tes* 
time, and the 10 test specimens were tested i n  groups of 4, 3 
sequence was as follows: 

SERIAL NO. 

35, 38, 39, 43 
35, 38, 39, 43 
35, 38, 39, 43 

JEMPERATURE 

Amb i ent 

Amb i ent 

Amb i ent 

-&OF 

-85T 
Amb i ent 

NO chatte 

Chatter c 

No chatte 

No chattc 

No chatta 

Broken Ic 

No chatte 

No chattr 

R p p ~ f e d  -test t o  i nxsst i gate chatter on test  of 2/ 1 1 /65 
R e p e a t e d  test of 2/ 1 /65 which had chsiter i nd i cat  i'og 
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pRZ- (cont i nud)  

The high t q e r a t u r e  was obtainod e lec t r ica l ly  through the teayeratu ;~  ~ Q B  
and mcMsur i ng unit, wh ich mi t ted heated a i r  in to  a chamber box '+ha? 
t es t  qecllnsns. The low temperature was provided by C02,. 

Functions l requi remnts were moni twed  by the p r i m  laboratory (~(382) durit 
soidal vibrat ion testing. 

shot k Test I n r  

Pr l o r  t o  perform1n.g shock tests, syst-en .accuracy was chock4 as fo  l~llowsi 

I. Hori zontal scale accuracy was vet-I f led by the Ca I i bratioh and Cer f  i:f it6 
sticker on the meraoscope. 

2. Vert i ca l I  put accuracy was chwbed by i nsert i ng a known ca l i brat I on: 
ad just  i ng th.e memoscope potent l ometer unt i l +he trace peaks coi nc.lildd 
desired vort ical  scale d1vision.r. 

Om crystal  acceleromter was used t o  measure the shock acceleration$ t 6  
t es t  specimns were subjected. The accelerometer was mounted on the 965 
near the! relay mount1 ng poi nts, as shown on page 84. The shmk fbrce $@. 
by the  Hyge shock tester and associated equipment as .shown on page ~5.c 

The tes t  specimens were subjected t o  a t o ta l  of  24 shock Impacts; 4 lln: a 
and 4 I n  a reverse dlrectlon In each of the 3 mtua l  l y  perpehdic.ular iM 
page A l .  The specified shock levels were as follows: 

Shape . . . . . . . . . . . . Ha l f S l  ne Wave 

Acce lorat  Ion . . . . . . . . 509 ( 0  - ?oak) 

Duration . . . . . . . . . II *I milliseconds 

The tes t  f i x ture  was designed t o  acconmodate as many as 5 tes t  speclnym'$ 
time, and the 10 tes t  specIraens were tested In  groups varying fran I t'g 

Th.e test specimens were tested i n  the following sequence: 
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TMQ%k~r~v-~4952- I 
Page 5 of 6 

7 
(contt n u d )  

I 

NO* EE!m@ 
21 - 24 No chaHer 

-1 
I 

IAL NO; 

1 ,  2, 5 ,  6 

No chatter 4 
No chatter 2 - 
No chatter 

No chatter + 
No cha w I 
No chatter 

No chal-ker 

Shock test  i ng was per f w d  a t  a& l ont te~peraturo. Funct I ona l requ i remnts ~F*T 
mni tored by the prima laboratory (AGB~)  dur l ng shock testing. I 

' I 

The shock waveforms were displayed on s memoscope and photographed by a PolaFoi, d 
camera. 

U L T S  AND Dl sCUSSI(ML 

Vibration T e s t b  
r 

- - - 
J 

- 
- -- - -  - - - v -  

i 
w .  . I. - - - - - 



ser I es, the input scce l erat i  on was i ncrealed t o  309 (0 - peak). The $1 x?h 6 

was mado from 300 t o  2000 t o  300 cps, and again chatter was indicated a t  'I 
a t  IOg ( 0  - peak). A duel l was nmda betwoon these two  frequmnc i as at ILO&!j. 
for a few mlnutes. The next chattor wa8 a t  947 cps, i ndieati ng that rel,ays: 
and 34 wwe chcrttwing a t  progressively lower frequenclas. The X axis viUm 
tes t  a t  -850): war repemted on F d r w r y  12, 1965, with no chatter. 

Sinucsoidal inputs w e  continuously recordbd, mo~ltored, and ver i f led by 
olc i I lograph, so no control data w e  anr l yzd. Crassts l k wss rocordad in 
of srrp l I tude (acca Iarst i  on) of the acce l eromaters or 1 ented i n  tha t w o  mirrio.t 
Plots of eros8tcrlk i n  g (0-peak) versus frequency (cps) are prmentod om pu 
~4 through A25. 

Repremtative shock photographs, each depicting the shock pulse In  one Q~I,F~ 
In each axl.~, era presented on pages A26 and A I  I shocks were approxlb 
( 0  - peak) for I I mi  l l i seconds durrt l on. 

V I sus 1 mami nation of the test  specimens rw#led that a brdce~ lead 9 
after slnusoldsl testing i n  the Z axis wss the only physical damage 
frm vibration and shock testing. 

OR Is$ l NATO 

llluwmn 
Pages A 1 through A27 

Pager 8 1 through B5 
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38, ST' ,  % Y 3 
~ T E :  SEE PAGE a / a z a ~  AX~S OF EXC\TATI 

FOR PlCK UP LOCAT\ON. 
UPSWEEP 



- - -  - - -- - - 

A M S l r  

TEST COND\TIONS : 
38, 94' , ~ ' L ) . B '  TEST DATE 

SEE P A G ~  a& 03 AX~S OF EXC\TATIQN X 
UP WCRT\ON. P\CK UP NUMBOR 

UPSWEEP CRQ rx t)r) CK P\CK UP RESPONSE mjs .L 







SEE F&GEz%azi@=' AXIS 3~ Ey f: r r g r;!r-iN 
dEOR ,PIC);( 'UP LBCBT\ON. 

UPSWEEP ------ CAQ JJ ~f F\c~.; UP RESWh5E A& MI .5  --r. 













- - I S I V  - R e E N F R A \  P l I R P O S F  )7F\ A-3 
St NUSOIDAL FREQUENCY SWEEP - 8.50~ 

TEST COND\TIONS : 
TEST DATE 7- \ \ -  6.5 
AXIS OF EXC\TATION X 
PlCK UP NUMBER FA4.9 ZZYZCL, - 

UPSWEEP 1 



< 
NJULR~ nr.nr  4~ I r m r n ~ r  I I :vw. 

' - %  0 

% +=z? ;: z:z:.-y:iRFQ 

? 

d 

s\Nuso\DaL. - FREQUENCY - .~gi:- ;g . .~r'  
UELAY 1~ 3\, 'p~s~r ~ ~ k i 3 :  ____ -_A__ : $..:.\4r;3 - .__- : 

33,3+ TEST Gi4-i-F -,,Z 
SEE PAGE gU!Ed3 . 

lCK UP CBCAT\ON, P\CH UP .NLrtAw 
UPSWEEP -------- tRpr f r4  C# p t e ~  3p P,E~~'Y~P.S% 





, , I  . - 1 @ .-.. r -. - -. ~ ~ O - ~  
s 1 NUSO~DAL FREQUEQCI: ~ J ~ E E F .  - 95 */= _ .- ----_-- 

-AT tow : ~ k ~ ~ . x ~ * r c ; ~ r a a  cobl13i-T c-  itM - . 
-------- -- -- 

1 TEST D%TE- -- - 2 -  'I' 







SEE W G E  -= 
ICK UP 1XICAT\ON. 



_ -. _ ___ .._- . _ hMB\€NT 
-__A ----__ 

TEST cr't.;Q3f.i_c:l.;;~ 
- --C - ...- --- -..-, 

ICK W UXfiT\ON. PICK UP NWBER 

,= - . .  . 
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ZI AXIS Z2 AXIS w 

S/N 10,'I 1, 12,13 S/N 10,11,12,13 
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Eu*-74?-* ..- - 
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IC 
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- 
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